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ERA-interim
updated AR/5

CERES

∆R = ∆F + λ∆TS

solve for this

analysis covers 2000-2017
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Measured by CERES
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Measured by CERES
estimated from 

CMIP5 model runs
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Monte Carlo: take 
500,000 samples of 
each distribution and 
calculate 500,000 
estimates of ECS
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ECS

likely range: 2.0-5.7 K 
median: 3.3 K



Problems: 1) not great 
constraint; 2) λiv,obs can 
vary

likely range: 2.0-5.7 K 
median: 3.3 K
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revised framework

Dessler, Mauritsen, Stevens: The influence of internal variability 
on Earth's energy balance framework and implications for 
estimating climate sensitivity, Atmos. Chem. Phys., 2018.

R = F +Θ∆TA
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revised framework

500-hPa tropical 
temperatures

Converts change  
in TA to flux; 
replaces λ

Dessler, Mauritsen, Stevens: The influence of internal variability 
on Earth's energy balance framework and implications for 
estimating climate sensitivity, Atmos. Chem. Phys., 2018.

R = F +Θ∆TA



CERES Ed. 4 TOA fluxes & ERA-interim 
temperatures 

monthly avg. detrended anomalies 
∆Ts = global avg. surface temperature 

∆TA = tropical avg. 500-hPa temperature
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likely range: 2.4-4.5 K 
median: 3.3 K
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λiv,obs Θiv,obs

Also, λiv has larger interdecadal variability 
than Θiv 
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ECS ≈ −

F2×CO2

Θiv,obs

(

Θiv

Θ4×CO2

)

(

∆TS
∆TA

)

40%

We can compare xxxxx  in the models to observations

… error in ratio requires error in numerator that 
is not reflected in the denominator …



Test with MPI-ESM 1.2
ECS Θiv Θ4xCO2 ratio

“iris” 2.6 -1.29 -1.23 0.96

standard 3.0 -0.98 -1.04 1.06

high ECS 5.2 -0.57 -0.63 1.10

Thanks to T. Mauritsen and D. Jimenez for the model runs
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This is a believable model-derived quantity



• Using interannual variability, we estimate 
ECS is likely 2.4-4.5 K 

• We see no evidence of low ECS (1.5-2 K) 
suggested by estimates based on the 20th 
century record 

• Key parameter is the ratio Θiv/Θ4xCO2 

• Pre-print: https://eartharxiv.org/4et67/

Conclusions
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W/m2/K

internal variability



!31

ECS = −

F2×CO2

λ
λ =

∆(R− F )

∆TS



!31

ECS = −

F2×CO2

λ
λ =

∆(R− F )

∆TS



!32



!32



!33

λ = ∆(R-F)/∆TS
Θ = ∆(R-F)/∆TA
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λ = ∆(R-F)/∆TS
Θ = ∆(R-F)/∆TA

confirmed in CMIP5 control runs








